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New blood culture instrumentation and medium formulations have led
to improved time to positivity (TTP) for positive blood cultures. Data regarding the
necessity of pediatric blood culture bottles with contemporary blood culture systems
are sparse. We compared performance of three commercial blood culture systems,
evaluating impact of blood volumes in standard and pediatric blood culture media
across systems. Simulated blood cultures with packed red blood cells (PRBCs) and three
Gram-positive, four Gram-negative, and one anaerobic organism (ﬁnal concentrations
ranging from 0.5 to 19 CFU/ml blood) on the Virtuo, VersaTrek, and Bactec FX instruments were evaluated with FAN Plus, Redox, and Bactec Plus media, respectively. For
each medium/instrument/organism combination, 1-, 3-, 5-, and 10-ml blood volumes
were evaluated in triplicate. Detection rate was not affected by blood volume. Aerobic
organisms that demonstrated variable rates of detection were Kingella kingae,
Haemophilus inﬂuenzae, and Neisseria meningitidis. Bacteroides fragilis was detected in
83%, 100%, and 100% of Virtuo, VersaTrek, and Bactec anaerobic bottles, respectively.
The average TTP of standard medium for aerobic organisms detected on Virtuo was
decreased compared to those for VersaTrek (22.3 h) and Bactec (24.9 h). Compared to
standard medium, detection rate and TTP were unchanged on Virtuo, while TTP was
reduced with pediatric medium for 2/8 organisms tested on Bactec and 7/8 organisms
on VersaTrek, illustrating the potential beneﬁt of pediatric medium on VersaTrek or
Bactec when low blood volumes (,5 ml) are collected. These results demonstrate that
TTP is decreased on the Virtuo compared to VersaTrek and Bactec for many microorganisms associated with bloodstream infection (BSI) but may have species-speciﬁc limitations.
KEYWORDS blood culture, pediatric media, bloodstream infection, Virtuo, Bactec,

VersaTrek

B

lood cultures remain the gold standard for detection of the etiologic agent of
bloodstream infection (BSI). Incubation of blood culture medium on continuously
monitored blood culture systems coupled with liquid culture medium permits faster
detection of microorganism, which in turn leads to more rapid identiﬁcation and antimicrobial susceptibility testing of microorganisms (1, 2). Advances in contemporary blood
culture systems and media have led to several improvements in the detection of BSI, including use of resin-based media that absorb antibiotics and other inhibitory substances in the
specimen to increase the detection rate (3). Additionally, automation of several steps of the
workﬂow, including loading and unloading of bottles and measurement of blood volume,
improve efﬁciency and promote temperature stabilization within the instrument that may
promote faster time to positivity (TTP) (4, 5). A comparison of major characteristics of the
blood culture systems analyzed in this study is shown in Table 1.
The bioMérieux Virtuo is a contemporary blood culture instrument with several
automated features, which include loading blood culture bottles into the instrument,
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Blood culture
system
(reference[s])
bioMerieux
BacT/Alert
Virtuo (14–16)

Thermo Fisher
VersaTrek (20)

BD Bactec FX
(17–19)

Method for detection of
microorganism growth
Detection of CO2 production via
colorimetric sensor in bottom
of blood culture bottle.
Positive bottle readings occur
at 10-min intervals.

Loading/
unloading of
blood culture
bottles
Automated

Manometric detection of
headspace pressure changes
from microbial metabolism.
Detects gas consumption (O2)
and gas production (CO2, H2,
and N2). Positive bottle
readings occur at 12-min
(aerobic) and 24-min
(anaerobic) intervals.

Manual

Detection of CO2 production via
ﬂuorescent sensor in bottom
of blood culture bottle.
Positive bottle readings occur
at 10-min intervals.

Manual

Manufacturerrecommended
incubation
temp (°C)
37 6 0.5

35 6 1

35 6 1.5

Broth
vol
(ml)
30

Blood vol range
speciﬁed by
manufacturer
(ml)
Up to 10

Antimicrobial
neutralization
Polymeric resins

40

Up to 10

Polymeric resins

30

Up to 4

Polymeric resins

80

0.1–10

Redox 2
(anaerobic)

80

0.1–10

Redox 1 EZ
Draw
(aerobic;
direct draw)
Plus Aerobic/F
Lytic/10
Anaerobic/F
Peds Plus/F
(aerobic)

40

0.1–5

Dilution (bloodto-broth ratio
of 1:9)
Dilution (bloodto-broth ratio
of 1:9)
Dilution (bloodto-broth ratio
of 1:9)

30
40

8–10
8–10

Polymeric resins
Not applicable

40

0.5–5

Polymeric resins

Media
evaluated in
this study
FA Plus
(aerobic)
FN Plus
(anaerobic)
PF Plus
(pediatric
aerobic)
Redox 1
(aerobic)

discarding negatives, and unloading positive specimens. Several studies comparing the
Virtuo to its prior counterpart, the BacT/Alert 3D, and to an instrument from another major
manufacturer, the Bactec FX, have shown decreased TTP for many microorganisms by the
Virtuo instrument (4, 6–10). However, data are lacking on the comparative performance of
the Virtuo with that of the other major blood culture instrument, the VersaTrek, or on simultaneous comparison of all three systems.
Use of modern blood culture systems has led to challenges of many of the dogmas
surrounding detection of BSI. For example, assessments of the optimal incubation time
needed for detection of clinically relevant pathogens have shown that a full 5 days of
incubation may be unnecessary (11, 12). While it is well established that the volume of
blood collected is the most important factor to optimize detection of microorganisms
from BSI (2, 13), use of pediatric versus standard blood culture medium for collection
of blood cultures in children remains a topic of ongoing controversy. It has been proposed
that when low volumes of blood are collected, the blood-to-broth ratio of standard medium
may be suboptimal and impede recovery of microorganisms. However, data to support or
refute the need for pediatric blood culture bottles for low blood volume collections, especially using contemporary blood culture instrumentation and culture medium, are sparse.
Our objective was to compare the detection rate and TTP of pediatric and standard aerobic and standard anaerobic culture medium for three major continuously monitored blood
culture systems. Simulated blood cultures inoculated with a diverse set of microorganisms
over an array of blood volumes were used to evaluate all three systems.
MATERIALS AND METHODS
Blood culture media. BacT/Alert FA Plus aerobic, PF Plus aerobic, and FN Plus anaerobic blood culture media were incubated in the bioMérieux BacT/Alert Virtuo detection system at 37°C (14–16). Bactec
Plus aerobic, Ped Plus aerobic, and Lytic/10 anaerobic media (Becton, Dickinson and Company, Franklin
Lakes, NJ) were incubated on the BD Bactec FX detection system at 35°C (17–19). VersaTrek Redox 1 aerobic, Redox 1 EZ Draw aerobic, and Redox 2 anaerobic media (Thermo Fisher Scientiﬁc, Waltham, MA)
were incubated on the VersaTrek blood culture system at 35°C (20).
Microbial strains. The organisms tested in the study included common bacterial causes of Gram-positive,
Gram-negative, and anaerobic BSI and additional fastidious organisms that are less common but important
causes of BSI, especially in children. Three Gram-positive aerobic organisms (Staphylococcus aureus, Streptococcus
July 2021 Volume 59 Issue 7 e00429-21
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TABLE 1 Comparison of blood culture systems and culture media evaluated

Time to Positivity of Major Blood Culture Systems

Journal of Clinical Microbiology

TABLE 2 Organism and ﬁnal inoculum tested under each condition
Organism or control
Bacteroides fragilis
Escherichia coli
Haemophilus inﬂuenzae
Kingella kingae
Neisseria meningitidis W135
Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pneumoniae
Negative control (saline)

Final inoculum (CFU/bottle)
8
19
17
5
11
10
6
15
0

not applicable.

agalactiae, and Streptococcus pneumoniae), four Gram-negative aerobic organisms (Escherichia coli, Haemophilus
inﬂuenzae, Kingella kingae, and Neisseria meningitidis), and one obligate anaerobic organism (Bacteroides fragilis)
were tested in the study (Table 2). All strains were obtained from ATCC, with the exception of K. kingae and N.
meningitidis, which were clinical isolates (Table 2). All strains were frozen in skim milk and stored at 280°C. Prior
to each experiment, organisms were subcultured twice on appropriate media and incubated at 35°C overnight.
Aerobic organisms were subcultured on Trypticase soy agar plates with 5% sheep blood, while fastidious and anaerobic organisms were inoculated on chocolate agar and Brucella blood agar, respectively.
Blood culture bottle preparation and incubation. After sterilizing the septum of each bottle using
an ethanol wipe, blood culture bottles were inoculated with 1, 3, 5, or 10 ml of packed red blood cells
(PRBCs), which were obtained after removal of plasma from whole blood that contained the anticoagulant citrate phosphate dextrose. PRBCs were acquired from the Barnes-Jewish Hospital Blood Bank and
stored at 4°C until use. Due to the limit on the maximum volume of blood permitted, PF Plus, Peds Plus,
and Redox 1 EZ Draw aerobic media were inoculated with 1, 3, or 5 ml of packed red blood cells. Pure
isolates of each bacterial organism were emulsiﬁed in sterile saline to a density of 1.0 McFarland and
diluted to obtain a ﬁnal concentration of 5 to 19 CFU per 100 m l (Table 2). Final organism concentrations
in each suspension were determined by plating 100 m l of the ﬁnal organism suspension to appropriate
media and counting the number of colonies that grew after 24 h. Blood culture bottles were inoculated
with 100 m l of this bacterial suspension using a sterile tuberculin syringe. Blood culture bottles were prepared in triplicate for each organism, blood volume, and medium combination tested (see Fig. 1 for
overall study workﬂow). As a negative control, blood culture bottles were inoculated in triplicate with
sterile saline in lieu of organism for each medium/blood volume combination and on each day of setup.
Blood culture bottles were loaded into the appropriate blood culture system within 1 h of preparation
and incubated until positive growth was detected, up to a maximum of 120 h. When the blood culture
instrument alarmed that the bottle was positive, the time to positivity (TTP) was recorded. Positive bottles were subcultured to a chocolate agar plate (and Brucella blood agar if the bottle was anaerobic).
Plates were observed to ensure pure growth and expected colony morphology for the organism. The
identiﬁcation of growth recovered in culture was conﬁrmed by matrix-assisted laser desorption ionization–time of ﬂight (MALDI-TOF) mass spectrometry (Vitek mass spectrometer; bioMérieux).
Statistical methods. TTP was calculated as time from the beginning of culture incubation to detection of bacterial growth. Differences in TTP between instruments/media with the same blood volume

FIG 1 Study workﬂow. Pure isolates of the test organism were diluted to a ﬁnal concentration of 50 to 200 CFU/ml in sterile saline.
Blood culture bottles were inoculated with 100 m l of this bacterial suspension and were prepared in triplicate for each organism,
blood volume, and medium combination tested. Blood culture bottles were loaded into the appropriate blood culture system and
incubated until positive growth was detected, up to a maximum of 120 h. Figure created using images modiﬁed from BioRender and
the Noun Project.
July 2021 Volume 59 Issue 7 e00429-21
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aNA,

Strain
ATCC 25285
ATCC 25922
ATCC 9006
Clinical isolate
Clinical isolate
ATCC 25923
ATCC 13286
ATCC 49619
NAa
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TABLE 3 Detection rate of standard aerobic, pediatric, and anaerobic blood culture bottles among three blood culture systems
Detection rate (%) for culture bottle:
Virtuo BacT/Alert
Organism or control
Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pneumoniae
Escherichia coli
Haemophilus inﬂuenzae
Neisseria meningitidis
Kingella kingae
Bacteroides fragilis
Negative control (saline)

Standard
aerobic
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
5/12 (42)
0/12 (0)
0/7 (0)

Pediatric
aerobic
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
3/9 (33)
0/9 (0)
0/6 (0)

VersaTrek
Anaerobic
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
2/12 (17)
0/12 (0)
10/12 (83)
0/7 (0)

Standard
aerobic
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
11/12 (92)
11/12 (92)
12/12 (100)
0/12 (0)
0/7 (0)

BD Bactec
Pediatric
aerobic
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
0/9 (0)
0/6 (0)

Anaerobic
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
0/12 (0)
0/12 (0)
0/12 (0)
12/12 (100)
0/7 (0)

Standard
aerobic
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
12/12 (100)
0/12 (0)
0/7 (0)

Pediatric
aerobic
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
9/9 (100)
0/9 (0)
0/6 (0)

Anaerobic
12/12 (100)
12/12 (100)
11/12 (92)
12/12 (100)
0/12 (0)
3/12 (25)
1/12 (8)
12/12 (100)
0/7 (0)

RESULTS
Detection rate of medium types at various blood volumes in each blood culture
system. The ﬁnal concentration of organisms inoculated into each bottle ranged from
5 to 19 CFU (Table 2), which equates to a ﬁnal concentration of 0.5 to 19 CFU/ml of blood.
The detection rate of all three blood culture systems was 100% for S. aureus, S. agalactiae,
and E. coli, regardless of blood volume, medium type (standard or pediatric), or incubation
conditions (Table 3). The Virtuo and VersaTrek instruments detected all bottles seeded with
S. pneumoniae, while the Bactec instrument failed to detect one anaerobic bottle seeded
with 10 ml of blood. For standard and pediatric aerobic media, the VersaTrek system
detected 61/63 bottles seeded with fastidious organisms (H. inﬂuenzae, N. meningitidis, and
K. kingae), missing one of three standard bottles containing N. meningitidis and 10 ml of
blood and one of three standard bottles with H. inﬂuenzae and 5 ml of blood (see Table S1
in the supplemental material). All standard and pediatric aerobic bottles seeded with H. inﬂuenzae and N. meningitidis were detected by the Virtuo and Bactec instruments at all blood
volumes tested (n = 21 total bottles for each organism). Compared to the detection rate of
VersaTrek (100%) and BD Bactec (100%), Kingella kingae was detected at a much lower rate
by the Virtuo on standard (5/12, 42%) and pediatric (3/9, 33%) aerobic blood culture media.
K. kingae was missed in at least one of the triplicate bottles at all but the highest volume
(10 ml) of blood (Table S1). Fastidious microorganisms were detected at lower rates in anaerobic bottles on the Virtuo (14/36, 39%), VersaTrek (0/36, 0%), and Bactec (4/36, 11%) instruments. The detection rate for B. fragilis seeded in anaerobic bottles was 10/12 (83%), 12/12
(100%), and 12/12 (100%) for the Virtuo, VersaTrek, and Bactec instruments, respectively. As
expected, B. fragilis was not detected in any aerobic bottle at any blood volume tested. All
bottles inoculated with sterile saline control and increasing blood volumes were negative
throughout the study.
Time to positivity for aerobic organisms at low blood volumes. There were no
signiﬁcant differences in TTP for aerobic organisms between standard and pediatric
media containing 1, 3, or 5 ml of blood on the Virtuo instrument (Table 4). With the
exception of K. kingae, signiﬁcant differences in TTP between standard and pediatric
media were noted on the VersaTrek instrument for all organisms tested. The difference
in average TTP between standard and pediatric media ranged from 0.3 to 4.3 h on the
VersaTrek and from 21.7 to 12.4 h on the Bactec instrument. On the VersaTrek, notable
decreases in average TTP were observed at low blood volumes for pediatric compared
to standard media by 2.1 h (P , 0.001) and 2.3 h (P , 0.01) for H. inﬂuenzae and 2.5 h
(P , 0.01) and 2.3 h (P , 0.001) for N. meningitidis with 1 and 3 ml of blood,
July 2021 Volume 59 Issue 7 e00429-21
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and organism were determined by Student’s t test. The differences in TTP due to increasing blood volumes for the same organism/instrument combination were compared using one-way analysis of variance (ANOVA). A P value of ,0.05 was considered signiﬁcant. TTP differences were considered clinically
signiﬁcant at more than 2 h.
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Average TTP and/or range could not be calculated for some conditions due to detection of only one or no positive bottles by the Virtuo system.

Pediatric
aerobic
11.8 (11.7–12.1)
11.7 (11.1–12.1)
12.4 (11.9–13.3)
13.1 (13.1–13.2)
12.6 (12.5–12.7)
13.0 (12.7–13.5)
13.2 (12.7–13.9)
13.4 (12.9–13.9)
13.0 (12.7–13.1)
11.0 (10.5–11.8)
11.5 (11.4–11.6)
11.5 (11.2–11.8)
15.6 (15.3–16)
14.0 (13.8–14.2)
14.5 (14.4–14.6)
16.4 (15.7–16.9)
15.8 (15.7–15.9)
16.2 (15.7–16.5)
17.6 (17.6–17.6)
14.4 (7.8–18)
18.3 (17.6–18.8)
P
0.001
0.013
0.378
0.011
0.045
0.535
0.070
0.137
0.006
0.286
0.002
0.097
0.001
0.004
0.002
0.004
0.0002
0.020
0.205
0.276
0.456

Standard
aerobic
13.2 (13.1–13.4)
13.0 (12.9–13.1)
12.8 (12.7–12.9)
13.5 (13.4–13.6)
13.8 (13.4–14.6)
13.3 (12.6–13.8)
14.2 (14–14.5)
14.2 (13.9–14.7)
13.8 (13.7–13.9)
11.5 (11.3–11.7)
12.0 (11.9–12)
12.3 (11.8–12.8)
17.7 (17.6–18)
16.3 (15.8–17)
15.4 (15.4–15.4)
18.9 (18.6–19.4)
18.1 (17.8–18.4)
17.5 (17.1–18)
18.3 (17.6–19.1)
18.7 (18–19.7)
18.7 (18–19)

P
0.673
0.628
0.099
0.903
0.315
0.582
0.811
0.109
0.752
1.000
0.795
0.887
0.307
0.402
0.483
0.609
0.288
0.374
—
—
—

Standard
aerobic
11.6 (11–12.2)
11.3 (10.6–11.8)
11.2 (11–11.4)
10.9 (10.5–11.2)
10.8 (10.6–11)
10.7 (10.3–10.9)
10.0 (9.9–10.1)
10.5 (10.3–10.8)
10.9 (10.8–11.2)
9.0 (8.9–9.1)
9.2 (9.1–9.3)
9.5 (9.3–9.8)
12.9 (12.4–13.5)
13.3 (12.9–13.6)
13.2 (12.9–13.4)
14.7 (14.4–15)
14.4 (14.3–14.5)
14.8 (14.7–14.9)
41.5 (36.1–46.9)
—
—

Pediatric
aerobic
11.4 (11.2–11.6)
11.1 (10.8–11.3)
11.0 (10.9–11)
11.0 (10.7–11.1)
10.6 (10.5–10.8)
10.5 (10.1–10.8)
9.9 (9.6–10.4)
10.1 (9.8–10.3)
10.9 (10.6–11.1)
9.0 (8.8–9.2)
9.2 (9–9.3)
9.4 (9.2–9.7)
13.3 (13.1–13.5)
13.0 (12.6–13.2)
13.4 (12.9–13.8)
14.9 (14.5–15.7)
14.6 (14.3–14.8)
14.9 (14.7–15.1)
46.5
36.3
39.7

VersaTrek (avg time to positivity [range] [h])
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a—,

Kingella kingaea

Neisseria meningitidis

Haemophilus inﬂuenzae

Escherichia coli

Streptococcus pneumoniae

Streptococcus agalactiae

Organism
Staphylococcus aureus

Blood
vol
(ml)
1
3
5
1
3
5
1
3
5
1
3
5
1
3
5
1
3
5
1
3
5

Virtuo BacT/Alert (avg time to positivity
[range] [h])

Results

TABLE 4 Average time to positivity for aerobic organisms at low blood volumes

Standard
aerobic
15.7 (14.1–16.6)
14.7 (14.6–14.9)
14.2 (13.7–14.8)
12.4 (12.3–12.6)
12.2 (12.1–12.3)
12.2 (11.9–12.4)
11.8 (11.6–11.9)
11.9 (11.6–12.1)
12.2 (11.9–12.3)
10.9 (10.6–11.3)
10.9 (10.4–11.3)
10.9 (10.7–11.1)
16.4 (16.1–17.1)
14.1 (13.6–14.6)
14.3 (14.1–14.6)
24.3 (23.1–25.6)
20.4 (19.6–21.6)
19.2 (18.7–19.7)
41.7 (40.3–42.9)
46.3 (42–49.8)
42.7 (41.2–44.1)

Pediatric
aerobic
13.4 (13.1–13.6)
12.7 (12.6–12.9)
12.0 (11.6–12.4)
12.4 (12.2–12.6)
11.8 (11.6–12.1)
11.7 (11.6–11.9)
11.9 (11.6–12.4)
12.2 (11.6–13.3)
12.3 (11.8–12.9)
10.5 (10.4–10.6)
10.9 (10.9–10.9)
10.9 (10.8–11.1)
16.1 (15.6–16.6)
14.6 (14.1–15.1)
15.1 (14.6–15.6)
24.6 (23.6–25.1)
22.1 (21.6–22.6)
20.1 (19.4–20.6)
33.8 (29.6–36.6)
33.9 (31.1–35.6)
32.4 (30.9–33.3)

P
0.046
0.0001
0.005
0.830
0.070
0.052
0.551
0.713
0.792
0.094
0.904
0.842
0.492
0.288
0.077
0.748
0.067
0.120
0.024
0.010
0.001

BD Bactec (avg time to positivity [range] [h])

Time to Positivity of Major Blood Culture Systems
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TABLE 5 Average time to positivity of Virtuo compared to VersaTrek and Bactec at optimal blood volume (10 ml) using standard
aerobic medium
Results
Virtuo BacT/Alert (avg time
to positivity [range] [h])
11.0 (10.8–11.1)
10.7 (10.2–11.1)
11.2 (10.7–11.9)
9.5 (9.5–9.6)
14.5 (14.4–14.8)
15.5 (15.4–15.7)
32.3 (29.8–34.8)

VersaTrek (avg time
to positivity [range] [h])
12.8 (12.7–12.9)
13.1 (12.8–13.2)
14.2 (14.0–14.3)
12.2 (11.8–12.4)
15.2 (15.0–15.4)
23.9 (17.8–30)
29.9 (29.8–29.9)

P
(vs Virtuo)
,0.0001
0.0015
0.0013
0.0002
0.0194
0.1631
0.1628

BD Bactec (avg time
to positivity [range] [h])
14.6 (14.4–14.7)
12.5 (12.4–12.6)
13.2 (12.8–13.9)
11.1 (10.7–11.6)
14.7 (14.6–14.9)
17.8 (17.7–17.9)
35.5 (32.2–38.1)

P
(vs Virtuo)
,0.0001
0.0035
0.0191
0.0051
0.3739
,0.0001
0.2307

respectively. For the Bactec instrument, signiﬁcant differences in TTP were noted for S.
aureus (12.3 h [P , 0.05], 12.0 h [P , 0.001], and 12.2 h [P , 0.01]) and K. kingae (17.9
h [P , 0.05], 112.4 h [P = 0.01], and 110.3 h [P = 0.001]) between standard and pediatric bottles containing 1, 3, or 5 ml of blood, respectively. Compared to the VersaTrek
and Bactec instruments, average TTP was decreased on the Virtuo instrument (by a
range of 0.8 to 9.6 h) for standard aerobic media inoculated with 1, 3, or 5 ml of blood
for all organisms tested, with the notable exception of K. kingae (Table 4).
TTP of Virtuo compared to VersaTrek and Bactec at optimal blood volume.
Average TTP of standard aerobic bottles inoculated with an optimum volume of blood
(10 ml) on Virtuo was signiﬁcantly decreased for more common causes of BSI compared to
the VersaTrek instrument (Table 5), including S. aureus (21.8 h, P , 0.0001), S. agalactiae
(22.4 h, P = 0.002), S. pneumoniae (23 h, P = 0.001), and E. coli (22.7 h, P = 0.0002). Similar
differences were noted for these organisms in comparison to the Bactec system, with an
average difference of 22.3 h (range, 21.6 to 23.6 h) for these organisms. Differences
were not clinically signiﬁcant for H. inﬂuenzae for Virtuo compared to the VersaTrek (20.7 h)
and Bactec (20.2 h) instruments. The difference in TTP for N. meningitidis incubated on
Virtuo was decreased compared to those for Bactec (22.3 h, P , 0.0001) and VersaTrek
(28.4 h) although the difference was not statistically signiﬁcant for VersaTrek (P = 0.16). In
contrast, there was no signiﬁcant difference in TTP for K. kingae between Virtuo and
VersaTrek (12.4 h, P = 0.16) and Bactec (23.2 h, P = 0.23) instruments.
Comparison of time to positivity for Bacteroides fragilis and other organisms in
anaerobic blood culture medium. Average TTP for B. fragilis increased with increasing
volumes of blood for the Virtuo (31.5 h at 1 ml versus 41.1 h at 10 ml, P = 0.03) and
Bactec (20.9 h at 1 ml versus 38.3 at 10 ml, P , 0.0001) instruments (Table 6). However,
the volume of blood added to VersaTrek bottles did not affect TTP (P = 0.6). Compared
to Virtuo, the TTP of B. fragilis at the optimal volume of blood (10 ml) was signiﬁcantly
decreased for VersaTrek (212.8 h, P , 0.01) but not Bactec (22.8 h, P = 0.3). Among
nonobligate anaerobic organisms, clinically signiﬁcant differences in average TTP for
anaerobic media compared to aerobic media were noted for S. aureus on Virtuo (16.4 h)
and VersaTrek (112.9 h), S. pneumoniae on VersaTrek (12.2 h) and Bactec (14.0 h), and S.
agalactiae on VersaTrek (14.4 h). With the exception of S. aureus on VersaTrek and S. pneumoniae on Bactec, blood volume did not affect TTP in anaerobic media (see Table S2 in the

TABLE 6 Effect of blood volume on time to positivity for Bacteroides fragilis
Results
Blood
vol (ml)
1
3
5
10

Virtuo BacT/Alert (avg time
to positivity [range] [h])
31.5 (30.7–32.3)
34.6 (34–35.2)
37.3 (36–39.2)
41.1 (36.8–44.6)
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P
0.03

VersaTrek (avg time
to positivity [range] [h])
28.3 (27.5–29.9)
29.5 (29–30.3)
28.7 (28.6–29)
28.3 (27–30.2)

P
0.6

BD Bactec (avg time
to positivity [range] [h])
20.9 (20.6–21.1)
26 (23.1–27.6)
37.5 (36.1–39.2)
38.3 (37.7–38.6)

P
,0.0001
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Organism
Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pneumoniae
Escherichia coli
Haemophilus inﬂuenzae
Neisseria meningitidis
Kingella kingae

Time to Positivity of Major Blood Culture Systems
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DISCUSSION
Our study evaluated the impact of blood volume and medium type on detection
rate and TTP using simulated blood cultures for three contemporary blood culture systems. This study uniquely reports on a comparison of performance of the BacT/Alert
Virtuo to the VersaTrek blood culture system. Overall, our ﬁndings indicate that differences in the blood-to-broth ratio of resin-based media across a spectrum of blood volumes had no major effect on detection rate and TTP for the most common causes of
BSI.
Use of the BacT/Alert Virtuo blood culture system in combination with FAN Plus
bottles resulted in reduced TTP in comparison to VersaTrek and Bactec for all aerobic
organisms tested in our study, with the notable exception of K. kingae. Decreased TTP
with Virtuo was noted for S. pneumoniae (2.4 h), E. coli (2.7 h), and N. meningitidis (8.4
h) in comparison to the VersaTrek and for S. aureus (3.6 h) and N. meningitidis (2.3 h)
compared to the Bactec at an optimal blood volume of 10 ml. Our results are consistent with prior studies using both simulated blood cultures (6) and clinical blood culture
samples (4, 8), which demonstrated signiﬁcant decreases in TTP for the Virtuo in comparison to those with the older BacT/Alert 3D instrument. In addition, a comparison of
the performance of the Virtuo to the Bactec FX blood culture instrument using simulated blood cultures with 28 different bacterial species showed that the overall median
TTP was signiﬁcantly shorter for both standard and pediatric media with the Virtuo
(21). There are several potential reasons for these ﬁndings. The temperature set point
for the Virtuo is 37°C, in comparison to 35°C for the VersaTrek and Bactec instruments,
which may have impacted the growth of the microorganisms evaluated in our study.
In addition, the automated design of the Virtuo instrument may explain the decreased
TTP observed for many organisms, as the instrument does not need to be opened to
add or remove bottles, allowing it to maintain a constant incubation temperature. The
instrument also uses enhanced algorithms to detect microbial growth more quickly
than older hardware used by this manufacturer. The decreased TTP that has been consistently noted for the Virtuo instrument has led some laboratories to switch away
from a full 5 days of incubation for blood cultures (11).
Little is known about the performance of the Virtuo and FAN Plus media with fastidious organisms such as H. inﬂuenzae and N. meningitidis. While incidence of BSI with
these organisms has decreased with implementation of widespread vaccination programs, these organisms remain important causes of BSI. Among the fastidious organisms, Virtuo detected N. meningitidis faster than VersaTrek and Bactec at all blood volumes. The mean differences in TTP were less than 1 h for H. inﬂuenzae between the
Virtuo and Bactec or VersaTrek instruments at optimal blood volume, while TTP differences were exacerbated at lower blood volumes. Historically, differences in detection
and growth rate of many fastidious organisms were attributed to the dilution of anticoagulant with a higher volume of blood. However, TTP of Virtuo was decreased at lower
blood volumes compared to VersaTrek and Bactec, even though the anticoagulant
concentration of the BacT/Alert standard aerobic medium is higher (0.083%) compared
to Bactec (0.05%) and VersaTrek standard aerobic medium (0.0125%) (14, 17, 20). In
contrast to our results, a previous study noted major increases in TTP (.15 h) for H.
inﬂuenzae and N. meningitidis on the Virtuo compared to the Bactec in medium supplemented with 5 ml of blood (9). The authors postulated that this effect was due to the
higher concentration of sodium polyanethole sulfonate (SPS) in the BacT/Alert medium
negatively affecting viability of these organisms. Anticoagulant concentration differed
by only 0.03% between Bactec and BacT/Alert media, so TTP differences are likely not
July 2021 Volume 59 Issue 7 e00429-21
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supplemental material). N. meningitidis and K. kingae were not detected in anaerobic media
on VersaTrek and were each detected in only 3/12 and 1/12 anaerobic bottles on Bactec
and 2/12 and 0/12 on Virtuo. H. inﬂuenzae was detected in all anaerobic bottles from Virtuo,
with no major difference in TTP compared to aerobic media, but was not detected on
VersaTrek and Bactec (Table S2).
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fully explained by this variance. In addition, TTP differences between the two systems
were far less for pediatric blood culture medium (9), even though this medium type
contains the same volume of broth and the same concentration of anticoagulant as
standard BacT/Alert medium (15). The decreased TTP for H. inﬂuenzae and N. meningitidis for Virtuo at low blood volumes in our study is notable, as these are important
pathogens among pediatric patients, who are more likely to have inadequate blood
volumes drawn for culture. On the other hand, the Virtuo instrument struggled with
detection of K. kingae, failing to detect this organism in 58% and 67% of standard and
pediatric bottles, respectively, across all blood volumes. Because sterile body ﬂuids
may be added to blood culture bottles to enhance sensitivity of detection (22), this limitation should be kept in mind for suspected joint infections by Kingella, which is a
signiﬁcant cause of septic arthritis in young children (23).
While BSI due to strict anaerobes is relatively uncommon, anaerobic BSIs are associated with increased morbidity and mortality (24). B. fragilis is the most common anaerobe recovered from BSI (11, 25). The detection rate for B. fragilis in our study was
100% for all three blood culture systems evaluated, although TTP increased with
increasing volumes of blood for Virtuo and Bactec. A prior study noted increased TTP
(median of 49 versus 27 h) for B. fragilis incubated in BacT/Alert resin-based FN Plus
bottles compared to charcoal-based FN bottles containing 5 ml of blood (26). The average TTP for B. fragilis at 5 ml of blood in our study was 37.3 h and 37.5 h for Virtuo and
Bactec (with resin-based medium) and 28.7 h for VersaTrek. The smaller differences
noted in our study were likely due to differences in instrumentation (Virtuo versus the
prior generation of BacT/Alert instrument) and are less likely to be explained by differences in inoculum, which was lower in our study (8 versus 125 CFU/bottle). In contrast
to TTP for other organisms tested in our study, the average TTP for the strict anaerobe
B. fragilis was higher for Virtuo (36.7 h) compared to Bactec (30.7 h) and VersaTrek
(28.7 h). This is supported by the ﬁndings of Somily et al., which demonstrated an average increase in TTP of more than 30 h for the Virtuo in comparison to the Bactec (9).
Pediatric blood culture media are often modiﬁed to optimize the blood-to-broth ratio for small-volume blood collections that are common in pediatric blood cultures
(27). Our study illustrates that bacteria cannot, in fact, “drown” in a standard blood culture bottle with a larger volume of medium and that detection of many common
causes of BSI with low volumes of blood is possible in standard medium. We also analyzed differences in TTP between standard and pediatric media at clinically relevant
levels of bacteria (27). Our ﬁndings illustrate that TTP is increased for standard media
for many organisms with VersaTrek and for S. aureus and K. kingae with Bactec.
However, there was no difference in TTP between the BacT/Alert FA Plus and PF Plus
media in our study. This may be due to the differences in the blood-to-broth ratios
between the standard and pediatric VersaTrek media in comparison to BacT/Alert
media. For example, the VersaTrek Redox blood culture bottles designed for smaller
blood volumes differ in medium volume by 40 ml in comparison to the standard Redox
bottles. In contrast, the BacT/Alert media contain the same volume (30 ml) of broth for
both standard and pediatric bottles. Similar ﬁndings were reported in prior studies that
compared pediatric and standard media for Virtuo and Bactec, in which TTP was similar
for both instruments between standard and pediatric media for S. aureus, E. coli, S.
pneumoniae, and S. agalactiae (9, 21).
A major strength of our study is that we compared the performance of three major
blood culture systems using standardized conditions and the same bacterial inocula in
triplicate. As prior studies of blood culture specimens have indicated that blood culture
bottles are rarely adequately ﬁlled (13), we analyzed TTP across a spectrum of blood
volumes to examine the effects of both low and optimal blood volumes, which is a
major advantage of our study. This facilitated analysis of the effects of blood volume
and medium types in the detection and TTP for a number of signiﬁcant causes of BSI,
including fastidious organisms, about the detection of which little is known in newer
blood culture instruments. As only one strain of a particular organism was utilized in
July 2021 Volume 59 Issue 7 e00429-21
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our study, there may be strain-speciﬁc differences that were not captured that may
contribute to differences in detection and TTP. A major limitation of our study is that
blood culture bottles seeded with PRBCs and microorganism were used in our evaluation. Use of PBRCs may not be representative of a clinical blood sample, but permitted
bottles to be seeded with clinically relevant bacterial concentrations in a controlled
environment to measure organism interactions with the medium without the potential
effects of host inﬂammatory compounds and antimicrobials. In addition, the number
of species evaluated was small. Thus, the effects of antibiotics and delays in transport
on TTP and the performance of these systems for other organisms such as yeast were
not evaluated.
Our ﬁndings illustrate that the BacT/Alert Virtuo system can detect common causes
of BSI more quickly than Bactec and VersaTrek instruments, with some important limitations, such as a failure to consistently detect K. kingae and a signiﬁcantly increased
TTP for B. fragilis. Studies that include additional fastidious organisms are needed to
determine the extent of these limitations. Importantly, we found that the recovery and
TTP of bacteria from FAN Plus medium incubated on the Virtuo was not affected by differences in medium type or blood volume. Thus, the use of pediatric-speciﬁc PF Plus
blood culture medium, which has a maximum recommended volume of 4 ml, in conjunction with the Virtuo system is likely unnecessary and may promote collection of
suboptimal volumes of blood in older children, leading to decreased opportunity of
detecting signiﬁcant pathogens (28, 29). Our ﬁndings support the use of contemporary
blood culture media on automated, continuously monitored blood culture systems as
best practice for the detection of the etiology of BSI (1). However, an awareness of the
limitations of these systems and local epidemiology is necessary to ensure optimized
detection of pathogens.
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